ABSTRACT The human body louse, Pediculus humanus humanus L. (Anoplura: Pediculidae
The human body louse, Pediculus humanus humanus L. (Anoplura: Pediculidae), is a vector of relapsing fever, trench fever, and epidemic typhus (Piesman and Gage 2000) . The causative agent of body louse-transmitted typhus, Rickettsia prowazekii, is considered a category B bioterrorism agent (Rotz et al. 2002, Eremeeva and Dasch 2005 , The Institute for Genomic Research 2006) . Body lice represent a health risk during war and famine as well as during social unrest (Piesman and Gage 2000) . Additionally, body lice have the potential to be an important vector of reemerging diseases in Þrst-world countries (Roux and Raoult 1999) .
Body lice and closely related head lice, Pediculus humanus capitis De Geer, belong to the hemimetabolous order Anoplura (James and Harwood 1969) . Head lice represent a major economic and social concern in North America, because infestations are often associated with school-aged children, who miss substantial school days during this critical learning period (Williams et al. 2001 ). Resistance to traditional pesticides used to control head and body lice have developed (Burgess 2004) . These combined factors make it imperative that new molecular targets are discovered to aid in development of novel compounds to control these medically important pests.
To date, no other complete genome exists for a hemimetabolous insect species. The difÞculty in sequencing the genome of this group of insects is, in large part, due to the hemimetabolous insects tending to have large (2,000-Mb) to very large (up to 16,300-Mb) genomes (Gregory 2002 (Gregory , 2005 .
Recently, the sequencing of the human body louse genome has been proposed (Pittendrigh et al. 2006 ). One of the major rationales for sequencing this species was the assertion that the genome of this species is small (Pittendrigh et al. 2006) . However, the actual data supporting this assertion have not been published to date. To our knowledge, we present the Þrst data set that deÞnes the sizes of the body and head louse genomes.
Body and head lice are so closely related that a long debate has occurred about whether they are two subspecies or two separate species (Kittler et al. 2003 , Yong et al. 2003 , Reed et al. 2004 , Leo and Barker 2005 . Nevertheless, their genomes must be very similar, because they can mate and produce offspring, but their progeny are infertile (Ferris 1951) . Here, we determine head and body louse genome sizes, and we test the expectation that the size of the body louse genome will be very similar to that of the head louse.
Materials and Methods
Body Louse Strain and Rearing. Our human body louse strain originated from the colony maintained in Dr. Kosta MumcuogluÕs laboratory (Hebrew University, Jerusalem, Israel). Dr. MumcuogluÕs louse colony was established from the Orlando strain maintained at the USDA laboratory (Gainesville, FL). We have maintained our colony at the University of Massachusetts on New Zealand White rabbits (Oryctalagus cu-niculi, Millbrook Breeding Laboratory, Amherst, MA) for 8 yr at room temperature, Ϸ50% RH, and a photoperiod of 12: (L:D) h. Both male and female adults were provided alive.
According to the initial report by Culpepper (1944) , he Þrst colonized the body louse strain in 1942 at the laboratory of the Bureau of Entomology and Plant Quarantine (Orlando, FL) from an unspeciÞed number of people located in Washington, DC, and Orlando FL. From 1942 to 1945, the colony was maintained by feeding the lice on human volunteers. In 1945, Culpepper successfully reared his body lice on rabbits (Culpepper 1948) , and they have been maintained on rabbit blood ever since 1945. It is not clear whether the louse strain maintained at the USDA Gainesville laboratory was from CulpepperÕs original strain, although the rearing methods were identical to those of Culpepper (1948) and Cole (1966) .
Head Louse Strain and Rearing. Both male and female adults from the south Florida strain (SH-HL) were provided alive. SF-HL were collected in Plantation (Miami) and Homestead, FL, and maintained on our in vitro rearing system (Takano- , Yoon et al. 2006 ). SF-HL are both permethrin and DDT resistant (Lee et al. 2000; Yoon et al. 2003 Yoon et al. , 2004 . Head lice were fully engorged immediately before shipping.
Protocol for Shipping Live Lice for Genome Size Determination. Adult body and head lice were separated according to sex (10 males and 10 females), and they were placed on different patches of corduroy (5.08 by 5.08 cm). The corduroy patches with lice were folded and placed into labeled 15-ml conical tubes with air holes inserted through the cap. The tubes were wrapped in a water-moistened paper towel, placed inside an insulated Styrofoam cooler. The cooler was boxed and shipped on the same day that the lice were collected. Lice were shipped to Texas A&M University (College Station, TX) for determination of their genome size.
Determination of Louse Genome Size. Samples were prepared for ßow cytometry as described previously (Johnston et al. 2004 ). For each replicate, a single head of an adult female Drosophila melanogaster (Meigen) (see Bennett et al. 2003 for strain description) and a single head of P. h. humanus or of P. h. capitis were placed into a 2-ml Kontes Dounce tissue grinder (Kontes Glass, Vineland, NJ) with 1 ml of cold (ϳ4ЊC) Galbraith buffer (Bennett et al. 2003) , and stroked 15 times with a pestle. The preparation was then Þltered through 20-m nylon mesh. Single heads of P. h. humanus and of P. h. capitis also were coprepared in 1 ml of Galbraith buffer, stroked 15 times with a pestle in a 2-ml Kontes Dounce tissue grinder, and released nuclei were collected after Þltration through a 20-m nylon mesh. Propidium iodide (PI) was added to each prepared sample to a Þnal concentration of 50 ppm. Stained samples were held on ice in the dark for 1Ð2 h before analysis.
The mean ßuorescence of stained nuclei in replicate samples of each comparison of sample and standard was quantiÞed using a Coulter Epics Elite ßow cytometer (Beckman Coulter, Inc., Fullerton, CA) with excitation provided by a laser tuned at 488 nm and 25 mW. PI ßuorescence at Ͼ615 nm was detected by a photomultiplier screened by a long pass Þlter. To ensure that scoring included only intact nuclei free from cytoplasmic tags, counting was activated by red ßuo-rescence (discrimination), and only (gated) nuclei with the low forward and low side scatter were included in the analysis. The positions of sample peaks relative to the sequenced strain of D. melanogaster peak were veriÞed by running at least one insect of each species with no standard. DNA content was determined as the ratio of the 2C louse peak to the 2C D. melanogaster peak times the 1C genome size of the D. melanogaster (175 Mb after Bennett et al. 2003) , where C is a convention used in genome size estimation and means one fourth the genome of a G2 (metaphase 1) meiocyte.
Results and Discussion
We observed that body louse males and females had genome sizes of 108.3 Ϯ 1.1 Mb (mean Ϯ SE) (n ϭ 6) and 104.7 Ϯ 1.4 Mb (n ϭ 6), respectively (Fig. 1AÐC) . For head lice, we observed that the females had a genome size of 106.2 Ϯ 1.3 Mb (n ϭ 3) (Fig. 1D) and that a single male had a genome size of 110.6 Mb. Female body and head lice seemed to have genome sizes that were very similar, if not identical, to each other (Fig. 1E ). These results demonstrate that body and head lice have small genomes of very similar size.
With the exception of aphids, all ametabolous and hemimetabolous insects have genomes Ͼ2,000 Mb (Finston et al. 1995; Gregory 2002 Gregory , 2005 . The body louse is ametabolous yet to date has one of the smallest known insect genomes. Thus, the body louse genome size seems to be exceptional in the insect world.
Developmental complexity has been proposed as an important force selecting for small genome size (Gregory 2001a (Gregory , 2001b . A parasitic life style may contribute to the small genome, because parasites tend to have smaller genomes (Sakharkar et al. 2004) . Why this is so remains yet unclear. The bulk of the genome is noncoding, and so loss of genes could account for a relatively little genome size reduction. Other factors associated with small genomes are cell volume and replication rate (Gregory 2002) . High fecundity (r selection) is also associated with small genomes (Kapraun 2005) . Parasites tend to be very fecund, and this may be part of the driving force behind the small genome size of the body louse. Nutrient resources, at least in some bacterial groups, are thought to be a genome size-limiting factor (Raes et al. 2007 ). It is not known whether this also may be the case in lice.
Several hypotheses may explain why the genomes size is so small: 1) selection for metabolic or replication efÞciency; 2) ecological specialization or environmental constancy (no need for additional genetic elements to provide variants for different environmental conditions, or for defense); 3) strong selection at a few loci driving Þxation of deleterious mutations across the genome with subsequent loss of Þxed deleterious gene segments; 4) genetic drift (genes are inactivated through mildly deleterious mutations, and they are then lost); or 5) strong selection against proliferation of most classes of transposable elements. This last hypothesis is a particularly interesting, because it has been seen to date only in the haplo/diploid honey bee, Apis mellifera L. (The Honey Bee Genome Sequencing Consortium 2006). Recently, the body louse genome has been selected for sequencing.
Hopefully, with the advent of a relatively complete genome available, some or all of these hypotheses will be testable. Additionally, there is a need to examine more insects, to see whether other ametabolous insects have small genomes or whether the body louse represents an exception, due to some of the aforementioned hypotheses. 
